Introduction
Schizophrenia is a debilitating psychiatric disorder with a strong genetic component, but its pattern of inheritance is not simply Mendelian. 1 The concordance of schizophrenia in monozygotic twins is about 30-40%. 2 Environmental factors are thought to be responsible for the remaining predisposing factors. 3 Over the past two decades, there has been increasing recognition of the potential importance of epigenetic mechanisms including DNA methylation, histone modifications and alternative splicing, 4 for example, hypermethylation-mediated downregulation of reelin and glutamic acid decarboxylase 67 expressions in cortical g-aminobutyric acid (GABA)-ergic interneurons in patient with schizophrenia. 5 In addition, imprinting, or unequal expression of genes derived from different parents, may provide potential epigenetic determinants of schizophrenia, as in the case of 5-hydroxytryptamine type 2A receptor and leucinerich repeat transmembrane neuronal 1. 6, 7 GABA is a major inhibitory neurotransmitter in the vertebrate nervous system, where fast synaptic inhibition is mediated by the opening of a chloride ion channel formed by the type A GABA (GABA A ) receptor. 8 Dysfunctional GABAergic system is an important etiopathogenetic factor in schizophrenia. [9] [10] [11] As suggested by genetic linkage studies, one of the candidate schizophrenia loci is located in chromosome 5q in the vicinity of the GABA A receptor gene cluster encoding the b 2 , a 6 , a 1 , g 2 and p subunits. [12] [13] [14] Earlier, we reported the association between schizophrenia and single-nucleotide polymorphisms (SNPs) in the GABA A receptor b 2 subunit gene (GABRB2) in Chinese Han population, 15 and this finding has since been validated in German, Japanese and Portuguese populations. 16, 17 More recently, we observed a genotype-dependent expression of GABRB2 mRNA in both controls and schizophrenia patients, and a reduction of GABRB2 mRNA expression in patients. 18, 19 In this regard, the schizophrenia-associated SNP rs1816071 (A/G) displayed strong genotype association with GABRB2 mRNA expression, and its GG homozygous-minor genotype was associated with reduced GABRB2 mRNA expression relative to AA homozygous-major in both controls and schizophrenia patients. However, mRNA expressions of heterozygotes were similar to the major homozygotes in the controls, but similar to the minor homozygotes in the schizophrenia patients. This was not readily explainable by genotype-dependent expression alone, and pointed to the operation of epigenetic processes such as imprinting. Moreover, the unusually high recombination rates that represent an important hallmark of imprinted gene clusters 20 were also observed in the schizophrenia-associated region of GABRB2. 21 Accordingly the objective of this study was to examine the possible occurrence of imprinting in GABRB2.
Materials and methods

Subjects
Four batches of samples were recruited in this study. All schizophrenia patients fulfilled the diagnostic criteria of schizophrenia according to the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (American Psychiatric Association). Written informed consents were obtained from all participants.
In the parent-of-origin effect (POE) test, a total of 450 US Caucasian DNA samples consisting of 150 schizophrenia probands (female 44; male 106) and their parents (150 mothers; 150 fathers) were recruited as described earlier 22 Oligonucleotide primers and probes Primers for PCR and DNA sequencing (Supplementary Table 1 ) were designed using Primer3 v0.4.0 (http://frodo.wi.mit.edu/primer3/) and supplied by Proligo Singapore. The specificity of each primer was validated against the human genome database of the National Center for Biotechnology Information by means of BLASTN (Bethesda, MD, USA), and the fidelity of PCR amplicons was verified by agarose gel electrophoresis and DNA sequencing. SNP probes from TaqMan SNP Genotyping Assays (Applied Biosystems, Foster City, CA, USA) were used for allele-specific real-time PCR.
PCR and resequencing
To resequence the 3551 base pairs (bp) genomic region flanked by the two schizophrenia-associated SNPs rs6556547 (S1) and rs187269 (S29) in GABRB2 (Figure 1 ), we generated a 7.4 kb genomic region starting from 2148 bp upstream of exon 9 to 519 bp downstream of exon 10 by PCR and it served as first PCR template for amplification of two nested-PCR products (fragment A: between 2148 bp upstream and 498 bp downstream of exon 9 and fragment B: between 342 bp upstream and 2039 bp downstream of exon 9). Four sequencing primers were used to resequence the nested-PCR products with a Model 3100 Genetic Analyzer (Applied Biosystems) for SNP genotyping. Sequence alignment-based SNP discovery and genotype calling were carried out using PolyPhred version 4.2 (Seattle, WA, USA).
Quantitation of allelic mRNA expression ratios in heterozygous individuals SNP rs2290732 in the 3 0 untranslated region of GABRA1 mRNA and SNP rs2229944 in the exon 10 of GABRB2 mRNA were used as markers to quantitate the allelic expression of GABRA1 and GABRB2 mRNA, respectively, in the controls and schizophrenia patients from the Stanley Array Collection by real-time quantitative PCR using TaqMan SNP probes. The real-time quantitative PCRs were performed with the multiple standards method described in the Stratagene Mx3000P Real-Time PCR System (La Jolla, CA, USA) protocol. Both genomic DNA and cDNA were measured in triplicates. Each reaction contained 0.75 ml 20 Â TaqMan probe, 5 ng genomic DNA template, 50 nM 4 Â dNTP, 1 Â PCR buffer, 1 Â Rox standard, and 1 U Taq DNA polymerase in a final volume of 15 ml. The reaction consisted of an initial denaturation at 95 1C for 5 min, followed by 40 4 -acetate to pH 7.0. The neutralized DNA was precipitated by 75% ethanol and recovered in 20 ml of TE buffer. Two target DNA segments in 5.0 ml of the bisulfite modified DNA covering the 286 and 250 bp stretches shown in Figure 4a were amplified with nested-PCR primers and resequenced. Because unmethylated C was replaced by T after PCR reaction, any presence of C at CpG dinucleotides on the sequence represented a methylated C allele in the bisulfite-modified DNA. The percentage methylation of CpG sites was determined based on the C and T allele peaks by means of BioEdit Sequence Alignment Editor v7.0.9.0 (Carlsbad, CA, USA).
Statistical analysis
For POE analysis, we performed Hardy-Weinberg equilibrium and transmission disequilibrium test using UNPHASED v3.0.10 (Cambridge, UK). SPSS version 11.5 (SPSS, Chicago, IL, USA) was used for statistical analysis of mRNA expression, allelic expression ratio, DNA methylation level and clustering analysis. Correlations between allelic ratio and mRNA expression of GABRB2 were examined by linear regression. Differences between control and schizophrenia cohorts with respect to mRNA expression, allelic ratio and DNA methylation level were analyzed using t-test for equality of means and Levene's test for equality of variances with diagnostic status as the independent variable. For clustering analysis, we assigned GABRB2 mRNA expression in controls and schizophrenia patients either into two clusters for the w 2 -test of the occurrence of imprinting or three clusters for the nonoccurrence of imprinting, using the K-Means clustering function. 23, 24 In the process, samples were randomly assigned and reassigned into clusters continually until the distances between different cluster center were maximized, and the distances between different samples within the same cluster were minimized.
Results
Parent-of-origin effects
When the 29 GABRB2 SNPs were genotyped (Figure 1 ), 18 were found to be polymorphic in the 150 US schizophrenia trios, 21 in the 30 Yoruba nonschizophrenia trios, and no deviation from HardyWeinberg equilibrium was observed with any of the SNPs (all Hardy-Weinberg equilibrium exact test P-values > 0.05). Upon application of the transmissions disequilibrium test to detect POE, 7,25 significant under-transmission of the minor T allele of SNP S1 was observed in the combined offsprings of US schizophrenia trios (P = 0.023) (Table 1a and Supplementary Table 2 ). This transmission distortion was mostly due to bias in paternal (P p = 0.009) rather than maternal (P m = 0.628) transmissions. A tendency to over-transmission of the minor G alleles of S7 and S8 was also encountered in maternal transmissions (P m =0.067) but not in paternal transmissions (P p = 0.658) for both SNPs. Also, S1 showed strong under-transmission of minor T allele in male offsprings (P = 0.011; P p = 0.004), but not in female offsprings (P = 1.0; P p = 1.0), showing that under-transmission depended not only on the parent-of-origin but also on the gender of the proband. In the Yoruba nonschizophrenia trios, there was a tendency for the minor G allele of S7 and S8 to under-transmit (both P = 0.059), and the minor T allele of S1 to weakly over-transmit (P p = 0.096). Pairwise haplotype-based transmission disequilibrium test analysis of the US schizophrenia trios provided further evidence for paternal and maternal differences. Strong distortion in paternal but not in maternal transmission was observed for a range of haplotypes containing SNPs S1, S7, S8, S20 and S24 and possibly S3, with the S1-S20 and S1-S24 haplotypes reaching a P-value as low as 0.001 (Table 1b) . The results based on these SNPs clearly indicated the presence of POE in GABRB2. Among them, S1, S3, S20 and S24 were previously found to be associated with schizophrenia. 15 Because SNP S3 (A/G) has been associated with GABRB2 mRNA expression, 18 the parent-of-origin of S3 heterozygotes was examined. Among the male probands with S3 heterozygous genotypes in the US schizophrenia trios, there were 12 cases of A Table 3 ). Thus, there was an excess of G P A M over A P G M among the male schizophrenics.
Flipping of allelic expression of GABRA1 and GABRB2 mRNA Because imprinted genes are often organized into clusters, 26 allelic mRNA expressions of both GABRA1 and GABRB2 within the same cluster of GABA A receptor genes on chromosome 5q were investigated. When the two SNPs, rs2290732 (G/A) of GABRA1 and rs2229944 (C/T) of GABRB2, were genotyped in the controls (CN) and schizophrenia patients (SZ) from the Stanley Array Collection, 24 subjects were G/A heterozygous for rs2290732, and 6 were C/T heterozygous for rs2229944. Of 24 GABRA1 G/A allelic ratios, 11 showed more than 10% deviation from the expected value of 1.0 for equal expressions from the two parental chromosomes (Figure 2a , left panel). Although eight of the ratios exhibited G/A > 1, three of them (two CN and one SZ) exhibited G/A < 1. Thus flipping in G/A was observed in both diagnostic groups. Among the six GABRB2 C/T allelic ratios, three of them showed more than 10% deviation from 1.0, which included two CN cases exhibiting C/T > 1 and one SZ case exhibiting C/T < 1 ( Figure 2a , right panel). The mean C/T ratio was 1.14±0.04 for the three CN heterozygotes, and 0.95 ± 0.04 for the three SZ heterozygotes. Owing to the significantly higher C/T ratios in CN compared to SZ (P = 0.026), C/T S3  S5  S6  S7  S8  S9 S10 S14 S15 S16 S17 S20 S22 S24 S27 S28 S29 flipping became evident for the combined CN plus SZ samples. For these six samples, we observed significant positive correlation between C/T allelic ratios and their corresponding GABRB2 mRNA expressions both in combined males plus females (r 2 = 0.657, P = 0.050), and in males (r 2 = 0.907, P = 0.048) (Figure 2b) . None of the demographic and diagnostic variables examined, including age, gender, pH, postmortem interval, duration of refrigerator storage, duration of alcohol and drug exposure, as well as age of onset and duration of illness in the case of the patients, was significantly correlated with the GABRA1 or GABRB2 allelic ratios (Supplementary Table 4 ).
Decreased mRNA expression in heterozygous schizophrenia patients Earlier, genotypic effects of the SNP rs1816071 or (S3) on GABRB2 mRNA expression were reported by our group indicating reduced mRNA expression in GG homozygous-minors compared to AA homozygousmajors. 18 Further analysis in Figure 3a showed decreased mRNA expression in the heterozygous schizophrenia patients (P = 0.010) relative to heterozygous controls, mainly on account of reduced expressions in male patients (P = 0.013) (Supplementary Table 5 ). Moreover, there was strikingly no significant difference in mRNA expression between AA homozygous-major controls and AA homozygousmajor patients; likewise there was no significant difference between GG homozygous-minor controls and GG homozygous-minor patients.
When the variances for the different cohorts in Figure 3a were examined, there was no significant CN-SZ difference in variance for the AA homozygousmajor cohorts or GG homozygous-minor cohorts. In contrast, significant CN-SZ difference was observed between the heterozygotes (P v = 0.026), again (a) Lower panel shows mean expression levels of CN and SZ AA homozygous-majors (dark columns), AG heterozygotes (gray columns) and GG homozygous-minors (white columns). The number of subjects in each genotype group is indicated on the corresponding column. Significant differences (P < 0.05) between corresponding CN and SZ groups are linked by lines with indication of P-value. Individual sample points are shown in upper panel (AA, filled triangles; AG, circles; GG, open inverted triangles). Horizontal line drawn at expression level of 1.2 divided the samples into Cluster I (center at expression = 1.38) and Cluster II (center at expression = 0.90). The DNA and RNA samples used were as described in Figure 2. (b) Expected genotype-dependent expression levels in the absence of imprinting (left), or presence of imprinting with paternal expression (center) and maternal expression (right).
P and M denote the paternally and maternally derived gene copies, respectively. mainly because of the male heterozygotes (P v = 0.006). Because there were only a small number of females in the samples, the observed gender difference on GABRB2 mRNA expression was not subject to analysis.
Clustering analysis of mRNA expression
To test whether the occurrence of imprinting could provide an adequate explanation for the observed variances in Figure 3a , we subjected the distributions of sample points in Figure 3a upper panel to clustering analysis by the K-Means clustering function. 23, 24 In the presence of imprinting, two different levels of expression would be expected among the homozygous-majors, the heterozygotes and the homozygous-minors (Figure 3b) . 27 Accordingly, the mRNA expression levels of GABRB2 in controls and patients were assigned into the two postulated Clusters I and II with cluster centers at 1.38 and 0.90, respectively (upper panel, Figure 3a ). If significant imprinting occurs, all AA homozygotes and half of the AG heterozygotes could be expected to fall into Cluster I, and all GG homozygotes and the other half of the AG heterozygotes into Cluster II. On the basis of the samples and calculations detailed in Table 2 , the occurrence of imprinting passed the w 2 -test showing P > 0.05, with respect to each gender subgroup of controls (for males plus females, P = 0.746; males, P = 0.861; females, P = 0.801), indicating that imprinting constituted an adequate explanation for the observed control expression data in Figure 3a . For patients, the occurrence of imprinting failed the test for males plus females (P = 0.002) and for males (P = 0.005) (Supplementary Table 6 ).
Level of CpG methylation
The 3551 bp S1-S29 region in Figure 1 of GABRB2 contained 40 CpG dinucleotides with an Obs/Exp CpG ratio of 0.30. Of them, 30 were located within the 1284 bp S1-S19 region with an Obs/Exp CpG ratio of 0.59, which far exceeded the average genomic Obs/ Exp CpG ratio of 0.24. 28 In Figure 4a , the methylation levels of CpG sites 1-26, 11 of which overlapped with an SNP site, were analyzed by bisulfite sequencing in a Hong Kong Chinese cohort consisting of 30 CN and 30 SZ samples. All of these CpG sites including the SNP-overlapping ones were found to be hypermethylated with X71.7% methylation (Supplementary Table 7 ), indicating that SNPs had an important role on the methylation status of the gene region. Notably, the two schizophrenia-associated SNPs S1 and S3 were also endowed with the CpG overlapping property (Figure 4b) . Moreover, the control cohort displayed significantly higher methylation than the patient cohort at CpG sites 1, 9 and 13 (P = 0.048, 0.004 and 0.001, respectively), but significantly lower methylation at CpG sites 10, 18, 22 and 25 (P = 0.014, 0.006, 3.12 Â 10 À5 and 7.55 Â 10 À6 , respectively) ( Figure 4a and Supplementary Table 7) .
Discussion
Imprinting, characterized by unequal expression of the offspring's genes in a parent-of-origin-dependent manner, 26 has been functionally implicated in brain development 29 and in psychiatric and behavioral disorders such as Prader-Willi syndrome and Angelman syndrome. 30, 31 It has also been proposed as a potential factor in the complex inheritance pattern of schizophrenia. [32] [33] [34] Among candidate genes of schizophrenia, 5-hydroxytryptamine type 2A receptor has been extensively investigated for imprinting, 6, 35, 36 and evidence has also been obtained for imprinting in leucine-rich repeat transmembrane neuronal 1. 7, 37 In this study, multiple lines of evidence pointed to imprinting of the schizophrenia-associated GABRB2 gene.
In the transmission disequilibrium test, differences between paternal and maternal transmissions clearly established the presence of POE in GABRB2. Significant distortion of the expected 50:50 transmission ratio was observed for the disease-associated SNP S1 in the US schizophrenia trios, where the minor T allele of S1 was paternally strongly I-VI with, respectively, TT, TG and GG genotypes at the SNP S1, and GG, GA and AA genotypes at the SNP S3. Because unmethylated C was replaced by T, any presence of C at CpG dinucleotides on the sequence represented a methylated C allele. In both cases, genomic DNA samples were extracted from the peripheral blood of 60 Hong Kong Chinese Han subjects involving 30 unrelated schizophrenia patients (female 15; male 15) and 30 unrelated controls (female 11; male 19).
under-transmitted to male offsprings (Table 1a) . Pairwise haplotype analysis revealed unambiguous distortion in paternal but not maternal transmission of a number of haplotypes, especially S1-containing haplotypes (Table 1b) . Such POEs clearly suggested the presence of imprinting at GABRB2 at least over the SNP cluster in Figure 1 . As well, in the US schizophrenia trios, the under-transmission of paternal S1 was evident for male but not for female offsprings, which was compatible with the reported observation that distorted transmission of SNP alleles depended on the gender of the affected offspring. 38, 39 These sex-dependent effects might be relevant to the known clinical gender differences in schizophrenia. 40, 41 Interestingly, in the Yoruba non-schizophrenia trios, the minor T allele of S1 tended to be weakly over-transmitted in paternal but not in maternal transmission, in contrast to its under-transmission in the US schizophrenia cohort (Table 1a) . This divergent trend in the transmission of paternal S1 between US-SZ and Yoruba-CN cohorts might reflect either the existence of ethnic difference or a possible association of over-transmission of paternal S1 minor T allele with reduced risk of schizophrenia. Further investigations are called for and merited.
Because expression difference between paternally and maternally derived genes constituted important phenotypic evidence for imprinting, 26 the flipping of allelic expressions observed in the neighboring GABRA1 and GABRB2 genes, suggesting that expression imbalance between the two parental copies was more the rule than the exception for these genes, was clearly compatible with the presence of imprinting over this gene cluster. However, other determinants of mRNA levels such as other SNPs in the gene, rates of mRNA decay and antisense transcripts were also plausible, 42, 43 and the unequal abundances of G/A > 1 and G/A < 1 samples for GABRA1 rs2290732 ( Figure  2a ) was in accord with the importance of such nonimprinting factors. Regarding the positive correlations between rs2229944 C/T allelic ratio and GABRB2 mRNA expression in Figure 2b , at least two plausible explanations are recognized. First, the CN condition was correlated with preferential expression of C allele and high GABRB2 expression, whereas the SZ condition was correlated with preferential expression of T allele and low GABRB2 expression. Second, the C allele was correlated with high GABRB2 expression, and the T allele was correlated with low expression. At the same time, GABRB2 was imprinted in a way that the expression of either the paternally derived or the maternally derived chromosome was suppressed by, for example, fraction i. Under these circumstances, the C/T ratio would be correlated with high GABRB2 expression. If C is higher expressing than T, the overall loss in expression due to imprinting of C ( = iC) would be greater than the loss due to imprinting of T ( = iT). Accordingly, high C/T ratios (indicating T imprinting) would be correlated with higher expression compared to low C/T ratios (indicating C imprinting). It was also not ruled out that both of these possibilities might apply.
On the basis of GABRB2 mRNA expressions measured by our laboratory, 18 a striking difference between CN and SZ S3 heterozygotes was revealed by the analysis in this study (Figure 3a ): the average mRNA expression level of CN AG heterozygotes was similar to that of CN AA homozygous-majors, whereas the level of SZ AG heterozygotes was similar to that of SZ GG-homozygous-minors. Accordingly, significant CN-SZ difference was observed for the AG heterozygotes in both the male plus female cohort and the male cohort but not for any of the AA-homozygote or GG-homozygote cohorts. Such results were difficult to explain without imprinting, because without imprinting the AG heterozygotes in both the CN and SZ groups could be expected to display mRNA expression levels intermediate to those of the AA homozygotes and GG homozygotes. In contrast, in the presence of imprinting, heterozygotes from different parents-of-origin, viz. A Table 3 ). Because the brain tissue samples used in mRNA measurements also came from the US Caucasian, the reduced GABRB2 mRNA expression in the male SZ heterozygotes relative to male CN heterozygotes (Figure 3a Figure 3a ).
More rigorously, clustering analysis with w 2 -test showed that occurrence of imprinting and the Clusters I and II heterozygotes it generated provided an adequate explanation for distribution of expression levels in the male, female and combined male plus female control samples (upper panel, Figure 3a and Table 2 ). For the patients, Table 2 shows that occurrence of imprinting could not account for the distribution of expression levels in the male samples or combined male plus female samples. This CN-SZ difference stemmed from the finding in male SZ subjects that all 12 AG heterozygotes fell into Cluster II and none fell into Cluster I, which suggested that Cluster II AG heterozygotes could be enriched in the SZ cohort relative to Cluster I AG heterozygotes.
In contrast, if there were no occurrence of imprinting, three different levels of expression would be expected (Figure 3b) , with AA homozygotes assignable to Cluster I, AG heterozygotes assignable to Cluster II and GG homozygotes assignable to Cluster III (Supplementary Figure 1) . This expectation was rejected, however, by the w 2 -test in both CN (males plus females: P = 0.030) and SZ (males plus females: P = 0.023) groups (Supplementary Table 6 ).
Identification of the occurrence of genomic imprinting at the schizophrenia-associated gene GABRB2 based on the multiple lines of evidence revealed in this study focuses attention on its biological significance. To date a number of plausible explanations have been proposed to explain the existence of imprinting including the following: (1) imprinting might stem from the 'parental conflict' that arises from the father's interest in rapid growth of his offsprings versus the mother's interest in conservation of resources needed for her own survival; 44 (2) according to the 'ovarian time bomb' hypothesis, imprinting protects against ovarian teratomas resulting from the spontaneous development of an unfertilized oocytes; 45 (3) the 'evolvability enhancement' hypothesis suggests that imprinting makes a possible rapid evolution at certain loci by facilitating the accumulation of mutated alleles. 46 Because strong positive selection occurs within the schizophreniaassociated GABRB2, imprinting of this gene could make a contribution, through enhancement of evolvability, to the attainment of high derived-allele frequencies in its schizophrenia-associated SNPs: > 87% for S1, > 65% for S3, > 64% for S5 and > 69% for S29 in both US Caucasian and Chinese Han populations. 47 Thus, the observations of strong positive selection, hot-spot recombination rates 21 and the occurrence of imprinting in the GABRB2 may not be merely coincidental to the association of this segment with schizophrenia. Much more plausibly, these three kinds of genomic processes could all have a fundamental role in the etiology of schizophrenia.
The schizophrenia-associated region of GABRB2 harboring SNPs S1-S19 was rich in potential CpG methylation sites with an Obs/Exp CpG ratio of 0.59 compared to a genome-wide ratio of 0.24 ( Figure 1 ). All 26 CpG sites analyzed were hypermethylated with X71.7% methylation (Figure 4a and Supplementary Table 7 ). Moreover, allele-specific methylation existed in 11 out of the 26 CpG sites (Figure 4a ), indicating that SNPs had an important role on the methylation status of the gene region. The CpG overlapping property of SNP S3 raises the possibility that CpG methylation might contribute to the lower GABRB2 expression displayed by the GG homozygotes of S3 relative to AA homozygotes in Figure 3a . With respect to diagnostic status, it was striking that allele-specific methylation was found at both of the two schizophrenia-associated SNPs, S1 and S3 (Figure 4b ), suggesting that CpG methylation could have an impact on schizophrenia risk. This is further supported by the significant methylation difference observed between the control and schizophrenia cohorts at seven CpG sites (marked by * in Figure 4a ).
The schizophrenia patients analyzed in this study received a variety of psychotropic medications (Supplementary Table 7) . It is also known that antipsychotic drugs such as clozapine and sulpiride might decrease DNA methylation of specific genes through activation of brain DNA demethylation process. 48 However, because the methylation levels at CpG sites 10, 18, 22 and 25 were increased, not decreased, in the schizophrenia cohort, the observed methylation differences between the control and schizophrenia cohorts were unlikely to have stemmed from the effects of antipsychotic drugs on DNA methylation. Nevertheless, further studies with larger sample size taking into account the potential effects of antipsychotics on DNA methylation would be desirable.
A limitation of the present methylation analyses was that the DNA samples were extracted from white blood cells rather than brain tissue. As DNA methylation could be tissue specific, the correlation between DNA methylation and mRNA expression of GABRB2 needs to be addressed with postmortem brain samples. Furthermore, the magnitude of the GABRB2 mRNA differences observed between the control and schizophrenia groups, while statistically significant, were only 10-30%. However, in view of such factors as the regional differential expression of GABA A receptor subunit genes and possible nonlinearity between mRNA and protein expression, the actual differences in receptor levels prevailing in some specific regions of the brain could well exceed the average overall differences in mRNA levels.
In conclusion, this study provided evidence to support imprinting of the schizophrenia-associated gene GABRB2. Imprinting endowed heterozygotes from different parents-of-origin with dissimilar mRNA expression capabilities. The enrichment of lower-expression heterozygotes accounted for the lowered expression levels in the schizophrenia cohort. The occurrence of imprinting in effect introduces four different genotypes for the SNPs in the GABRB2 gene, viz. MM, M P m M , m P M M and mm, rather than the three unimprinted genotypes of MM, Mm and mm. For the sake of precision, genomic analysis of the involvement of this gene in schizophrenia should be performed on the basis of four genotypes instead of three. The observed allelespecific methylation at the disease-associated SNPs rs6556547 and rs1816071 pointed to methylation alteration as a plausible molecular mechanism contributing to the development of schizophrenia. Moreover, because imprinted genes are often involved in development, the imprinting of GABRB2 is compatible with the possibility that neurodevelopmental processes could be important to the etiology of schizophrenia.
